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Background: Antimuscarinic agents are currently the predominant treatment option for the clinical management
of the symptoms of overactive bladder (OAB). However, low rates of persistence with these agents highlight the
need for novel, effective and better-tolerated oral pharmacological agents. Mirabegron is a β3-adrenoceptor agonist
developed for the treatment of OAB, with a mechanism of action distinct from that of antimuscarinics. In a
randomized, double-blind, placebo- and active-controlled Phase 3 trial conducted in Europe and Australia
(NCT00689104), mirabegron 50 mg and 100 mg resulted in statistically significant reductions from baseline to final
visit, compared with placebo, in the co-primary end points – mean number of incontinence episodes/24 h and
mean number of micturitions/24 h. We conducted a post hoc, subgroup analysis of this study in order to evaluate
the efficacy of mirabegron in treatment-naïve patients and patients who had discontinued prior antimuscarinic
therapy because of insufficient efficacy or poor tolerability.
Methods: Patients were randomized to placebo, mirabegron 50 or 100 mg, or tolterodine extended release (ER)
4 mg orally, once-daily, for 12 weeks. For the post hoc analysis, the primary patient population was divided into the
following subgroups: (1) patients who had not received any prior antimuscarinic OAB medication (treatment-naïve)
and (2) patients who had received prior antimuscarinic OAB medication. The latter subgroup was further
subdivided into patients who discontinued due to: (3) insufficient efficacy or (4) poor tolerability. Analysis of the
co-primary efficacy endpoints by subgroup was performed using analysis of covariance with treatment group,
subgroup, sex, geographical region, and subgroup-by-treatment interaction as fixed factors; and baseline value as a
covariate.
Results: Mirabegron, 50 mg and 100 mg once-daily, demonstrated similar improvements in the frequency of
incontinence episodes and micturitions in OAB patients who were antimuscarinic-naïve and who had discontinued
prior antimuscarinic therapy. While mirabegron demonstrated improvements in incontinence and micturition
frequency in patients who had discontinued prior antimuscarinic therapy due to insufficient efficacy, the response
to tolterodine was similar to that of placebo.
Conclusion: In this post hoc subgroup analysis, mirabegron provided treatment benefits in OAB patients who were
antimuscarinic treatment-naïve and in patients who had received prior antimuscarinic treatment.
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Overactive bladder syndrome (OAB) affects more than 400
million people worldwide [1]. Antimuscarinic agents, such
as tolterodine, are the current mainstay of pharmacotherapy
for the clinical management of OAB [2-4]. However, OAB
patients may have a suboptimal response to antimuscarinics
or find the associated adverse events (AEs), such as dry
mouth, constipation, and blurred vision [5-7], to be intoler-
able. Bothersome side effects and/or inadequate efficacy
contribute to the low persistence rates seen with anti-
muscarinics [8-12]. One systematic review found rates of
discontinuation of 43% to 83% within the first 30 days and
discontinuation rates continuing to rise over time [10].
The limitations of antimuscarinic therapy indicate that
there is a need for oral pharmacological treatment options
that are both effective and well tolerated. Mirabegron, a
β3-adrenoreceptor agonist with a mechanism of action
distinct from that of antimuscarinic agents, is the first
drug in this class of agents to have been approved for the
treatment of the symptoms of OAB [13]. Mirabegron
elicits β3-adrenoreceptor-mediated relaxation of the de-
trusor muscle during the storage phase, thereby improv-
ing bladder capacity without impeding bladder voiding
[14,15]. The efficacy of once-daily mirabegron adminis-
tered orally at doses of 25 mg, 50 mg, and 100 mg,
in the treatment of urinary frequency, urgency, and in-
continence in patients with OAB has been demonstrated
in three 12-week, Phase 3 studies of mirabegron
(NCT00662909, NCT00689104, and NCT00912964)
[16-18]. In the European-Australian study (NCT00689104
[17]), mirabegron 50 mg and 100 mg resulted in statisti-
cally significant reductions from baseline to final visit,
compared with placebo, in the co-primary end points –
mean number of incontinence episodes/24 h (adjusted
mean changes from baseline [95% confidence intervals
(CI)] of –1.57 [–1.79, –1.35] and –1.46 [–1.68, –1.23] for
mirabegron 50 mg and 100 mg, respectively, vs –1.17
[–1.39, –0.95] for placebo; p < 0.05 for comparisons of
both mirabegron doses with placebo) and mean num-
ber of micturitions/24 h (–1.93 [–2.15, –1.72] and –1.77
[–1.99, –1.56] for mirabegron 50 mg and 100 mg, respect-
ively, vs –1.34 [–1.55, –1.12] for placebo; p < 0.05 for com-
parisons of both mirabegron doses with placebo).
Here we present a post hoc, subgroup analysis of the
European-Australian study [17] designed to assess the effi-
cacy of mirabegron in the subgroups of patients who had
not previously received antimuscarinics (treatment-naïve)
and in those who had discontinued prior antimuscarinic
therapy because of insufficient efficacy or poor tolerability.
Methods
Primary study design
The primary study [17] was a 12-week, multicenter,
randomized, double-blind, parallel-group, placebo- andactive-controlled Phase 3 trial, conducted at 189 sites in 27
countries throughout Europe and Australia. The study de-
sign has been described in detail previously [17] (Figure 1).
In brief, the population consisted of men and women
aged ≥18 years with symptoms of OAB for ≥3 months at
screening and who had experienced an average of ≥8 mic-
turitions/24 h and ≥3 urgency episodes (with or without
incontinence) during the 3-day micturition diary period at
baseline. Eligible patients were randomized (1:1:1:1) to
placebo, mirabegron 50 mg, mirabegron 100 mg, or
tolterodine extended release (ER) 4 mg once-daily for
12 weeks. Patients were excluded if they had an average
total daily urine volume >3000 ml or suffered from stress
incontinence or mixed incontinence which was stress pre-
dominant at screening.
Patients were also excluded from the study if they were
taking any medications intended to treat OAB. There were
no restrictions as to the number of antimuscarinic drugs
that a patient could have received prior to this study. In
addition, patients were not allowed to take any nondrug
treatment for OAB during the study except for ongoing
bladder training or pelvic floor exercise programs that had
started at least 30 days prior to the start of the study. All
previous and concomitant medications, including drug
and non-drug treatments, taken within 30 days of screen-
ing, and any OAB medications taken at any time prior to
screening, were to be recorded. The reason for the discon-
tinuation of any prior OAB medication was to be recorded
as insufficient efficacy, poor tolerability, or other. More
than one reason could be checked.
The study was approved by the institutional review
board at each site and conducted in accordance with the
ethical principles that have their origin in the Declar-
ation of Helsinki, Good Clinical Practice, International
Conference on Harmonisation guidelines, and all applic-
able laws and regulations.
Efficacy assessments and statistical analyses
The co-primary efficacy end points were change from
baseline to final visit (end of treatment) in mean number
of incontinence episodes and mean number of micturi-
tions/24 h. Descriptive statistics were used for baseline
demographics/clinical characteristics. Analysis sets were
as follows: the safety analysis set (SAF) comprising all
patients who took at least one dose of double-blind
study drug; the full analysis set (FAS) comprising SAF
patients who had at least one micturition measurement
in the 3-day baseline diary and at least one post-baseline
diary; and the FAS-incontinence (FAS-I) set comprising
FAS patients who reported at least one incontinence epi-
sode in the 3-day baseline diary.
In this post hoc analysis, the primary patient popula-
tion was divided into the following subgroups: (1) pa-
tients who had not received any prior antimuscarinic
Figure 1 Study design.
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had received prior antimuscarinic OAB medication. The
latter subgroup was further subdivided into patients who
discontinued due to: (3) insufficient efficacy or (4) poor
tolerability. As patients could check any or all of: “insuf-
ficient efficacy”, “poor tolerability”, or “other” on the
electronic case report form (eCRF) as reasons for dis-
continuation of prior antimuscarinic OAB medication,
patients could be included in both the “insufficient effi-
cacy” and “poor tolerability” subgroups. (The subgroup
comprising patients who discontinued only for “other”
reasons” and who therefore did not appear in either the
“insufficient efficacy” or “poor tolerability” subgroups
was not evaluated). Subgroup analyses were performed
using analysis of covariance with treatment group, sub-
group, sex, geographical region, and subgroup-by-treat-
ment interaction as fixed factors; and baseline value as a
covariate. The original study [17] was not powered to
detect a statistically significant difference between treat-
ment groups for each subgroup.
Results
Demographics and baseline characteristics
A total of 1987 eligible patients were randomized and
1978 patients received double-blind treatment in the pri-
mary study (the SAF population) [17]. The baseline
demographic and clinical characteristics of the SAF were
similar across treatment groups (Table 1). The majority
were Caucasian (99.1%) and female (72.2%) with a mean
(± standard deviation [SD]) age of 59.1 (± 12.6) years.The baseline demographic and clinical characteristics of
the FAS (n = 1906) were similar to that of the SAF. In
the FAS-I (n = 1165) the proportion of female patients
(83.4%) and patients aged 65 years or older (39.6%) were
higher than in the SAF or FAS populations. OAB history
characteristics were comparable across the treatment
groups [17]. Overall, 48.6% of patients in the FAS
(Table 1) and 53.3% of those in the FAS-I had previously
received antimuscarinic OAB medication, but disconti-
nued it before study entry. Previous OAB medication was
one or more of: solifenacin, oxybutynin, tolterodine,
trospium, propiverine, darifenacin, or fesoterodine. Of
these, solifenacin, taken by ~24% of all FAS patients
and ~48% of FAS patients who had received previous
OAB medication, was the most common. Tolterodine
was taken by 27.2% of patients who received prior OAB
medication. Insufficient efficacy was given as a reason
for the discontinuation of prior treatment by 66.9% of
patients in both the FAS and FAS-I populations who re-
ceived prior OAB medication (Table 1) [17]. Poor toler-
ability was given as a reason for the discontinuation of
prior treatment by 26.7% and 28.1% of patients in the
FAS and FAS-I populations, respectively, who received
prior OAB medication. As patients could check more
than one reason for the discontinuation of prior treat-
ment, overlap between both subgroups was possible.
However, no more than 13.1% of FAS patients in any
treatment group who received prior OAB medication
cited both poor tolerability and insufficient effect as rea-
sons for discontinuation.
Table 1 Demographic and baseline characteristics (SAF) and OAB history (FAS), by treatment group
Placebo Mirabegron Mirabegron Tolterodine
50 mg 100 mg ER 4 mg
SAF
Patients, n 494 493 496 495
Sex, n (%)
Female 356 (72.1) 357 (72.4) 355 (71.6) 361 (72.9)
Age group, n (%)
≥65 years 181 (36.6) 178 (36.1) 183 (36.9) 192 (38.8)
≥75 years 44 (8.9) 46 (9.3) 46 (9.3) 37 (7.5)
Age, mean (SD) 59.2 (12.3) 59.1 (12.4) 59.0 (12.7) 59.1 (12.9)
Race, n (%)
Caucasian 490 (99.2) 488 (99.0) 492 (99.2) 490 (99.0)
Body mass index, kg/m2, mean (SD) 27.8 (5.0) 27.5 (4.9) 28.0 (5.0) 27.8 (5.0)
FAS
Patients, n 480 473 478 475
Type of OAB, n (%)*
Urgency incontinence 201 (41.9) 192 (40.6) 179 (37.4) 184 (38.7)
Frequency 177 (36.9) 173 (36.6) 183 (38.3) 186 (39.2)
Mixed 102 (21.3) 108 (22.8) 116 (24.3) 105 (22.1)
Previous OAB medication
Yes (any, n [% of FAS]) 238 (49.6) 240 (50.7) 237 (49.6) 231 (48.6)
Solifenacin, n (%)† 127 (53.4) 107 (44.6) 112 (47.3) 109 (47.2)
Oxybutynin 77 (32.4) 82 (34.2) 82 (34.6) 79 (34.2)
Tolterodine 69 (29.0) 59 (24.6) 71 (30.0) 58 (25.1)
Trospium 44 (18.5) 45 (18.8) 41 (17.3) 49 (21.2)
Propiverine 22 (9.2) 23 (9.6) 16 (6.8) 17 (7.4)
Darifenacin 14 (5.9) 8 (3.3) 21 (8.9) 12 (5.2)
Fesoterodine 4 (1.7) 1 (0.4) 2 (0.8) 2 (0.9)
Reason for previous OAB medication discontinuation, n (%)†,‡
Insufficient effect 159 (66.8) 160 (66.7) 159 (67.1) 155 (67.1)
Poor tolerability 68 (28.6) 65 (27.1) 64 (27.0) 56 (24.2)
Insufficient effect and poor tolerability 26 (10.9) 28 (11.7) 31 (13.1) 25 (10.8)
*Predominant types of OAB were defined as follows: urgency incontinence = urge incontinence only; mixed =mixed stress/urge incontinence with urge as a
predominant factor; frequency = frequency/urgency without incontinence.
†% of patients who took previous OAB medication.
‡Patients could choose more than one reason for discontinuation of previous OAB medication or could discontinue for “other reasons” (data not shown). Thus,
patients who checked both “insufficient effect” and “poor tolerability” as reasons for discontinuation of previous OAB medication could be included in
both categories.
FAS full analysis set, SAF safety analysis set, SD standard deviation, OAB overactive bladder, ER extended release.
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Mean number of incontinence episodes/24 h by prior
antimuscarinic status
In patients who had received prior antimuscarinic OAB
therapy, as well as in antimuscarinic treatment-naïve pa-
tients, both doses of mirabegron resulted in numerical
improvement relative to placebo in the mean frequency
of incontinence episodes (Figure 2). Adjusted mean
changes from baseline to final visit (± standard error [SE])
were: –1.00 (± 0.15) for placebo; –1.48 (± 0.15) formirabegron 50 mg; and –1.39 (± 0.15) for mirabegron
100 mg in patients who had received prior antimuscarinic
therapy; and –1.39 (± 0.17) for placebo; –1.69 (± 0.17) for
mirabegron 50 mg; and –1.54 (± 0.18) for mirabegron
100 mg in antimuscarinic treatment-naïve patients (Figure 2).
In patients who had received prior antimuscarinic OAB ther-
apy and in treatment-naïve patients, the magnitude of the ef-
fect of tolterodine (change from baseline to final visit [± SE]
of –1.10 [± 0.15] and –1.47 [± 0.16], respectively) was lower
than observed with either dose of mirabegron (Figure 2).
Figure 2 Adjusted mean change from baseline to final visit (SE) by treatment group in mean number of incontinence episodes/24 h
(FAS-I) for subgroups of patients who received prior antimuscarinic OAB medication; who discontinued it because of either insufficient
efficacy or poor tolerability†; and for those who were antimuscarinic treatment-naïve.
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treatment-naïve patients than in patients who had
received prior antimuscarinic therapy (Figure 2). Thus,
for both doses of mirabegron, a smaller placebo-
adjusted treatment response was seen in antimuscarinic
treatment-naïve patients than in those who had received
prior antimuscarinic OAB therapy (Table 2).
In patients who discontinued prior antimuscarinic medi-
cation due to insufficient efficacy, both mirabegron groups
were associated with numerical improvement compared
with placebo in the mean number of incontinence
episodes/24 h (Figure 2). Adjusted mean changes from
baseline to final visit (± SE) were: –0.87 (± 0.20) for
placebo; –1.63 (± 0.21) for mirabegron 50 mg; and –1.49
(± 0.19) for mirabegron 100 mg. The corresponding change
for tolterodine was –0.93 (± 0.21), resulting in a treatment
effect comparable to that of placebo (adjusted difference
versus placebo [95% CI] of –0.06 [–0.63, 0.50]; Table 2).
In patients who discontinued prior therapy due to poor
tolerability, adjusted mean changes from baseline to finalvisit (± SE) were: –1.29 (± 0.31) for placebo; –1.53 (± 0.30)
for mirabegron 50 mg; and –1.43 (± 0.32) for mirabegron
100 mg (Figure 2). The higher placebo response in this pa-
tient subgroup compared with the subgroup that
discontinued treatment due to insufficient efficacy resulted
in smaller placebo-adjusted treatment benefits with both
mirabegron doses (Table 2).
Mean number of micturitions per 24 h by prior
antimuscarinic status
In patients who received prior antimuscarinic therapy,
mirabegron demonstrated numerical improvement rela-
tive to placebo in the frequency of micturitions in OAB
patients. Adjusted mean changes from baseline to final
visit (± SE) were: –1.06 (± 0.16) for placebo; –1.74 (± 0.16)
for mirabegron 50 mg; –1.57 (± 0.16) for mirabegron
100 mg; and –1.26 (± 0.16) for tolterodine (Figure 3).
In antimuscarinic treatment-naïve patients, all active
treatment groups also demonstrated numerical improve-
ment relative to placebo in the mean number of
Table 2 Adjusted mean difference versus placebo (95% two-sided CI) in adjusted mean change from baseline to final
visit for number of incontinence episodes/24 h and number of micturitions/24 h for subgroups of patients who
received prior antimuscarinic OAB medication; who discontinued it because of either insufficient efficacy or poor
tolerability; and for those who were antimuscarinic treatment-naïve

































































*Based on subset of patients who had received prior OAB medication; patients could choose more than one reason for discontinuation of previous OAB
medication or could discontinue for “other reasons” (data not shown). Thus, patients who checked both “insufficient effect” and “poor tolerability” as reasons for
discontinuation of previous OAB medication could be included in both categories.
FAS-I full analysis set-incontinence, FAS full analysis set, CI confidence interval, OAB overactive bladder.
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to final visit (± SE) were: –1.61 (± 0.16) for placebo; –2.13
(± 0.16) for mirabegron 50 mg; –1.98 (± 0.16) for
mirabegron 100 mg; and –1.90 (± 0.15) for tolterodine
(Figure 3). The placebo effect was seen to be larger in
treatment-naïve patients than in those who had received
prior antimuscarinic therapy (Figure 3), resulting in
smaller placebo-adjusted treatment benefits with both
mirabegron doses in the former compared with the latter
subgroup (Table 2).
In patients who discontinued prior antimuscarinic ther-
apy due to either insufficient efficacy or poor tolerability,
mirabegron showed a larger improvement from baseline
than placebo, whereas the change from baseline with
tolterodine was similar to that seen with placebo
(Figure 3). Adjusted mean changes from baseline to
final visit (± SE) were: –1.03 (± 0.20) for placebo; –1.62
(± 0.20) for mirabegron 50 mg; –1.61 (± 0.20) for
mirabegron 100 mg; and –1.11 (± 0.20) for tolterodine
in patients who discontinued due to insufficient efficacy
and –0.95 (± 0.31) for placebo; –1.72 (± 0.32) for
mirabegron 50 mg; –1.70 (± 0.32) for mirabegron
100 mg; and –1.14 (± 0.34) for tolterodine in patients
who discontinued due to poor tolerability (Figure 3).
Discussion
Antimuscarinics are considered the mainstay oral phar-
macological treatment for OAB and, while effective in
many OAB patients, a significant proportion of patients
have a suboptimal response to treatment or experience
intolerable side effects and discontinue therapy. These
patients are then left with limited treatment options and
may have to consider more invasive surgical procedures.For this reason, we evaluated the efficacy and tolerability
of mirabegron in subpopulations of patients who were
treatment-naïve or who had received prior antimus-
carinic OAB therapy but discontinued because of insuffi-
cient efficacy or poor tolerability, in this post hoc
analysis of a Phase 3 clinical trial conducted in Europe
and Australia [17]. This analysis shows that mirabegron
had a numerically positive treatment effect on incontin-
ence and micturition frequency in patients who were
treatment-naïve as well as in those who had received,
but discontinued, prior antimuscarinic therapy, regard-
less of whether they had discontinued due to insufficient
efficacy or poor tolerability.
It was notable that for each end point, the placebo ef-
fect was larger in treatment-naïve patients than in pa-
tients who had received prior antimuscarinic therapy,
which is reflected in the observed treatment effect sizes.
Possible factors contributing to the larger placebo effect
include changes in drinking and voiding habits that re-
sult from the increased patient awareness of the disease
that goes with study participation; such changes will in-
evitably be larger in treatment-naive patients. Moreover,
the placebo effect is thought to be produced by patients’
expectation of a beneficial effect [19], which is likely to
be larger in treatment-naïve patients. These observations
are consistent with what has been seen in previous clin-
ical trials of antimuscarinic agents [20].
At the time that this trial was designed, tolterodine
was the most widely prescribed antimuscarinic agent for
the treatment of OAB. Thus, tolterodine was considered
to be the most appropriate agent to use as an active con-
trol in this trial (as in other trials in the mirabegron clin-
ical trial program), to provide context to the efficacy and
Figure 3 Adjusted mean change from baseline to final visit (SE) by treatment group in mean number of micturitions/24 h (FAS) for
subgroups of patients who received prior antimuscarinic OAB medication; who discontinued it because of either insufficient efficacy
or poor tolerability†; and for those who were antimuscarinic treatment-naïve.
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population, it emerged that of those patients in the
group who had received prior antimuscarinic treatment,
only 25% had previously received tolterodine. Thus, 75%
of patients in the tolterodine group who had received
prior antimuscarinic treatment had received antimus-
carinics other than tolterodine. However, regardless of
which antimuscarinic agent was discontinued due to lack
of efficacy in these patients, there was no treatment benefit
upon re-treatment with an antimuscarinic, in this case
tolterodine, as the response to tolterodine in this subgroup
of patients was similar to that seen with placebo. The fact
that the effect of tolterodine on micturition frequency in
antimuscarinic treatment-naïve patients was numerically
similar to that seen with mirabegron supports these find-
ings. In contrast, the antimuscarinics, solifenacin [21] and
fesoterodine [22], have been shown to significantly improve
OAB symptoms in OAB patients who were dissatisfiedwith previous tolterodine treatment. However, in con-
trast with our study, both studies had a flexible dose de-
sign, incorporating an optional dose increase of the
antimuscarinic agent.
We acknowledge that the analysis has limitations. The
study design did not allow for a head-to-head compari-
son of the effects of mirabegron versus tolterodine, with
the latter included as an active control. The study design
allowed patients to check one or more reasons for dis-
continuation of prior antimuscarinic medication. Thus,
there was a small degree of overlap between the sub-
groups of patients who discontinued prior antimus-
carinic treatment due to insufficient efficacy and those
who discontinued due to poor tolerability. A small num-
ber of patients had discontinued due to both insufficient
efficacy and poor tolerability and were therefore in-
cluded in both subgroups. However, as evaluation of the
study population revealed this to be a very small number
Khullar et al. BMC Urology 2013, 13:45 Page 8 of 9
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conducted. No data were collected on how long patients
used prior antimuscarinic therapy; as there were no re-
strictions on how many antimuscarinic drugs patients
had used prior to the screening visit of this trial, no
evaluation of treatment duration was attempted. Also,
the study was not powered to detect statistically signifi-
cant differences between treatment groups in each sub-
group. Additionally, there are two main challenges that
are inherent to post hoc subgroup analyses, namely,
multiple hypothesis testing and the loss of rando-
mization [23,24]. Multiple subgroup analyses inevitably
involve multiple statistical tests, which inflate the type 1
error rate. In an effort to avoid over-interpretation of
these results, we did not report p values for mean treat-
ment differences versus placebo [24].
Conclusions
Mirabegron provided numerical improvements in incon-
tinence and micturition frequency in treatment-naïve
patients and in patients who had received prior an-
timuscarinic therapy and discontinued due to insuffi-
cient efficacy or poor tolerability. In prior antimuscarinic
users who discontinued due to insufficient efficacy,
mirabegron showed numerical improvements in both
outcomes whereas re-treatment with the antimuscarinic,
tolterodine, produced an effect size similar to placebo.
The efficacy and tolerability profile of mirabegron suggest
that it may represent a valuable therapeutic option for pa-
tients with OAB who experience insufficient benefit from
antimuscarinic therapy and in those who are intolerant of
the associated AEs (e.g., dry mouth, constipation). In pa-
tients who received mirabegron in the overall trial, dry
mouth, the most common [6,7] and bothersome side ef-
fect of antimuscarinic agents [8], occurred with a similar
incidence as with placebo (2.6–2.8%) and a three-fold
lower incidence than in patients receiving tolterodine ER
4 mg (10.1%). This post hoc analysis provides valuable in-
sights but confirmation of its results will be required in
randomized prospective trials of OAB patients with and
without prior antimuscarinic therapy.
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